Background: Time trends in overweight, obesity and underweight among 10-year-old children were investigated between 1999 and 2003 with attention to gender and areas with different socioeconomic status (SES). Material: The study was performed in Stockholm County, where schools within eight different SES areas were randomly sampled. In selected schools, data on height and weight were abstracted from school health records of 2416 ten-year-old boys and girls examined by school nurses in 1999 and 2183 examined in 2003. Results: Among boys, the prevalence of overweight was 21.6% in 1999 and 20.5% in 2003 (difference À1.1% (95% confidence interval (CI), À4.6; 2.4)) and for obesity 3.2 and 3.8% (difference 0.6% (95% CI, À0.9; 2.2)). Among girls overweight decreased from 22.1 to 19.2% (difference À2.9% (95% CI, À6.3; 0.6)) and obesity from 4.4 to 2.8% (difference À1.6% (95% CI, À3.1; 0.0)). There was a marginally significant difference in obesity trends in girls versus boys (P ¼ 0.051). The prevalence of underweight decreased nonsignificantly both in boys and in girls. Strong gradients, with more obesity and overweight in socioeconomically disadvantaged areas, were observed in both genders in 2003. Differences between SES areas were also seen in 1999 but were more pronounced in 2003. Among boys divergent trends in obesity were observed between 1999 and 2003, with evidence for increases in less affluent areas only. Conclusion: This population-based study of 10-year-olds indicates that rates of obesity, overweight and underweight are stable in Stockholm County. However, obesity is more prevalent in relatively less advantaged SES.
Introduction
The epidemic of childhood obesity is apparent in Sweden as elsewhere in the world although the prevalence may not be as high in Sweden as in other parts of Europe. 1 Nationally representative data on paediatric obesity in Sweden are not available but secular trends have been documented in various regions of Sweden based on data from routine school health examinations. 2, 3 In 10-year-olds, the prevalence of overweight varies between 15 and 20%, of which between 1 and 5% of these are obese. Studies on schoolchildren in Göteborg showed dramatic increases between 1984 and 2000, although no further increase was seen from 2000 to 2004. 2, 4 The large increases in overweight and obesity in Göteborg were confirmed in other parts of Scandinavia, 5, 6 but the recent decreases are unprecedented. Studies have also indicated that gender and social inequalities in overweight exist among Swedish children. Comparable to the adult population, boys are more likely than girls to be overweight 7 and children from less advantaged socioeconomic groups show higher prevalences of overweight and obesity. 8, 9 If the rates of overweight and obesity continue to rise, Sweden will face an increasing public health problem, which underscores the need of epidemiological surveillance. The objective of this study was to analyse prevalence and trends in overweight, obesity and underweight among 10-year-old children over a 4-year period between 1999 and 2003 with focus on socioeconomic inequalities at the community level.
Subjects and methods

Data collection
Recent anthropometric trends were assessed comparing two birth cohorts born in 1989 and 1993 (examined 1999 and 2003) from selected geographical areas in Stockholm County representing a range of socioeconomic conditions. Stockholm county is an area of approximately 1.9 million inhabitants. On the basis of the investigations of the urban structural change as well as the demographic landscape the 'Social Atlas' of Stockholm has been developed. 10 The atlas presents a picture of the social landscape where the county is divided into 322 different neighbourhood areas of varying levels of affluence. These areas, which are smaller than a municipality but larger than a few city blocks, were aggregated into eight groups based on income level of the adult population 1997 and are referred to as socioeconomic status (SES) areas below. The sampling was carried out using a hierarchical design, where the eight SES areas constituted the first level ( Figure 1 ). From each of the eight SES areas, 10 neighbourhood areas, in total 80 areas, were randomly selected. For each SES area a list of all schools in the selected neighbourhood areas was retrieved. From these lists all schools with grade one to nine were selected and additional schools were randomly selected to obtain 10 schools per SES area, resulting in a total of 80 selected schools. All available one-to-nine grade schools were included to simplify collection of data from 10-to 11-yearold children at both time points. Also, for practical reasons small schools with 20 or less pupils were not included in the study.
At each school, the principal was asked to give informed consent before school health personnel were contacted. In each consenting school data on height and weight, routinely measured in grade four by school nurses, were abstracted from school health records.
Analyses
The eight SES areas were merged into pairs to increase precision of estimates and will be referred to as: high, medium-high, medium-low and low SES groups (Table 1) . Age-and sex-specific body mass index (BMI) cutoff points for overweight and obesity were set as proposed by the International Obesity Task Force. 11 Further 'overweight' was here defined as overweight plus obesity (BMI X25) and 'obesity' was defined as BMI X30. Underweight was defined as below mean À2 standard deviations (s.d.) according to a Swedish national growth reference curve. 12 The first comparison was made between the cohorts born in 1989 and 1993 with separate analyses for girls and boys. Age was calculated in months as the difference between the date of the examination and the child's date of birth. The second main analyses estimated socioeconomic differences within each examination period. The two-step sampling design was taken into account by weighting the observations by the total population size in the four SES groups studied in Stockholm County (Table 1) . To estimate prevalence for the whole population, prevalence estimates for the SES groups were reweighted to represent proportions in the total population. Weights were based on the population of children 7-19 years of age in 1999 for birth cohort 1989 and the population of children 7-19 years in 2002 for birth cohort 1993 (due to lack of data for 2003). Within-cluster correlation that is, the within-group variance in relation to the between-group variance for the schools was small and therefore it was not considered necessary to account for these dependencies in the analyses.
Differences in changes over time between boys and girls were tested. This difference was estimated in a weighted linear regression model, where an interaction term of being boy and belonging to the 1993 cohort was included. The presented estimates show the difference of the differences: (prevalence boys 1993Àprevalence boys 1989)À(prevalence girls 1993Àprevalence girls 1989). Agreement in terms of significance was checked with a corresponding logistic regression model since binary outcomes.
Level of significance was set at Po0.05 and the statistical analyses were performed using SAS and STATA. The study was based on unidentified individual data and approved by the Ethics Committee in Stockholm (2004/3:7). Table 1 shows the sampling and analytic structure with the distribution of participating schools and boys and girls in the Trends in childhood obesity in Stockholm E Sundblom et al different SES groups. The population-based statistical weights for each group (ranging from 0.12 to 0.4) underscore the necessity to adjust prevalence rates to reflect true socioeconomic distribution that is, lower SES schools are over-represented and medium SES schools under-represented in the crude estimates. Table 2 shows characteristics of the two birth cohorts. In the 1999 cohort, there were 2416 children and there were 2183 children in 2003. The mean age in both cohorts was 10.5 years. Mean height and weight were almost identical in the two cohorts, whereas BMI was somewhat lower in girls in 2003.
Results
As shown in Table 3 , secular trends in overweight and obesity prevalences seemed to vary by sex. In boys the prevalence of overweight was 21.6% in 1999 and 20.5% in 2003 (difference À1.1% (95% confidence interval (CI) À4.6; 2.4)). In girls overweight decreased from 22.1 to 19.2 % (difference À2.9% (95% CI À6.3; 0.6)). For obesity the prevalence among boys increased from 3.2 to 3.8% (difference 0.6% (95% CI, À0.9; 2.2)) and among girls obesity decreased from 4.4 to 2.8% (difference À1.6% CI À3.1; 0.0)). In summary, a marginally significant decrease in obesity was observed among girls; no other comparison approached significance.
Further, the differences in changes between boys and girls over time were tested. It was found that development of obesity was marginally different between boys and girls (difference 2.2% (95% CI 0.0; 4.4)) (P ¼ 0.051). For boys there was an increasing trend, whereas girls experienced a decreasing trend. The prevalence of underweight decreased nonsignificantly both in boys and in girls. Tables 4 and 5 show the prevalences in the four SES groups within each birth cohort. To describe the difference between SES groups, relative risks are presented as the risk of being overweight or obese in the medium-high, medium-low and low groups compared to the high SES group.
Overweight and obesity in different socioeconomic groups
Among boys measured in 2003, there is a significant social gradient in prevalence of overweight: 17.1% in the high SES group versus 29% in the low SES group or a risk ratio of 1.69. In boys examined 4 years earlier, this social gradient was not present. In girls, there is a slightly different pattern; the social gradients for overweight are similar and statistically significant for both birth cohorts. The relative risk for overweight in the lower SES group in 1999 and 2003 was 1.74 and 1.91 respectively, relative to the highest SES group.
For obesity, there is the same pattern as with overweight with an obvious social gradient among boys examined 2003 but not among those examined in 1999. Among the high SES group in 2003, only 1.9% of the boys were obese, whereas 6% were obese in the low SES group. In girls, there is a social gradient in both cohorts, with risk ratios for overweight and obesity ranging from 1.7 to 2.2 in the lowest SES groups, relative to the highest.
Finally, the gender differences in secular trends and social gradients are illustrated in Figures 2a and b . In Figure 2a , the widening social gap for boys in the lower versus higher income group is apparent. Thus, the apparent overall stability among boys was masking a growing inequality in obesity rates. In contrast, among girls obesity tended to decrease nonsignificantly in all SES groups.
Discussion
This study did not detect any statistically significant changes in obesity or overweight in children from Stockholm, but Trends in childhood obesity in Stockholm E Sundblom et al interesting and marginally significant trends were observed. First, our study showed slight decreasing trends in overweight and obesity among girls without accompanying increases in underweight. Among boys a slight increase in obesity from 1999 to 2003 was seen for all areas taken together and particularly for boys living in more disadvantaged socioeconomic areas. To our knowledge, our study is the first describing prevalence and time trends combined with sex and socioeconomic differences among mostly prepubertal children. Despite the fact that the Nordic countries are generally viewed as egalitarian, we have shown clear social inequalities in obesity among the population in Stockholm County as early as at the age of 10 years. Few studies on trends in overweight and obesity include data on underweight. 13 It is a strength of our study that underweight was included to provide a more comprehensive analyses of changes across the BMI distribution. No changes in prevalence of underweight were seen between 1999 and 2003. For practical and ethical reasons, the sampling was carried out on the basis of the SES of the area instead of individual data. The role of neighbourhood environments has been highlighted as a complement to individual SES as a determinant of obesity.
14 Area data make it possible to study the ecological 'place-effect,' although ecological studies cannot directly determine whether the differences across areas are due to the characteristics of the area themselves or to the differences between the types of individuals living in different areasFthe context versus composition effect. 15 Therefore, we cannot say whether the changes observed are explained by a place or a compositional effect or both. We have some indications that income distribution may have changed in some areas since 1997, which would lead to false Trends in childhood obesity in Stockholm E Sundblom et al grouping of data. However, in an updated version of the 'Social Atlas' from 2002, the classification of the areas is relatively stable. Previous studies on 10-year-olds in Sweden showed increases in the prevalence of both overweight and obesity over recent decades, 2,5 but relatively little is known about developments during the current century. A recent study from Göteborg in western Sweden 4 showed recent decreases in overweight and obesity in 10-year-old girls, but not in boys, which is consistent with our results from Stockholm during a similar observation period. In contrast to the Göteborg study, this study found an increasing social gradient in obesity among boys with widening differences between the lower and upper socioeconomic groups. Both studies were in agreement, however, in the observation that similar albeit nonsignificant decreases in obesity were occurring over time in girls from all SES areas. Thus, these two studies generally support each other and also are in agreement with recent reports of decreasing obesity in four other Swedish cities. 16 These results may however not reflect trends in rural areas, where obesity rates are known to be higher. 17 Data from school health records collected at two time points made it possible to compare BMI from two birth cohorts. Data were collected by school health professionals, which ensures high quality compared to self-reported data on height and weight. 18, 19 About 30% of the selected schools did not permit data collection for various reasons. The main reason for nonparticipation was reported to be heavy workload among the school nurses. It is important to note, however, that participation was similarly distributed in the four SES areas with 70% of low-income schools and 70% of high-income schools agreeing to participate. Although it may be noted that nonparticipation was somewhat higher in the most deprived SES area, these schools were nonparticipating at both time points and therefore did not bias the time trends. There does remain a possibility that nonparticipating schools have higher obesity rates than participating schools, due to lower priority given to school health care and health promotion, biases which would underestimate prevalences, but not affect validity of trends.
Since the end of the 1990s, there has been a change in awareness concerning healthy food, diet, physical activity and overweight. It is possible that this had already affected the 10-year-olds and their families around the year 2003. The socioeconomic disparities in health behaviour are well known and many studies show a strong relationship between SES and health behaviour, for example, eating habits and physical activity. 9, 20, 21 The growing social gradient among boys shown in this study may be a consequence of different reception of the current health messages in different social groups, particularly among boys. It is also well known that weight concern, body perception and dieting are more common among girls than boys. [22] [23] [24] [25] Parents and school nurses and doctors might give greater attention to overweight girls compared to overweight boys and it is possible that the social pressure to be thin is stronger on girls. Therefore, it is also important to monitor underweight together with overweight and obesity in epidemiological surveillance systems to prevent the risk of misclassification of individuals with underweight as normal weight and follow possible unfavourable trends in underweight.
According to a recent Swedish report, leisure time activity patterns have become more sedentary among both boys and girls and boys seems to be more interested in computer games and possess their own computer or TV more often than girls. 26 Further, sedentary behaviours are strongly linked to family socioeconomic position. It is therefore conceivable that sedentary behaviours contribute to gender and socioeconomic differences in obesity trends. The study highlights the importance of nationwide epidemiological surveillance of time trends of prevalences of underweight, overweight and obesity based on samples large enough to allow stratification by age, gender, socioeconomic group and type of community. In Sweden, such monitoring may be based on data from routine measurements of height and weight made in schools, thereby avoiding the well-known biases seen when self-reported data are used. 18 However, first of all evidence-based primary prevention programmes are needed that effectively reach the Trends in childhood obesity in Stockholm E Sundblom et al needs of families of low-socioeconomic position with young children.
